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1
AIRCRAFT MODULAR COOLING SYSTEM

GOVERNMENT LICENSE RIGHTS

This invention was made with government support under
FA8628-10-D-1000 and FA8107-05-C-0001 awarded by
Department of Defense. The government has certain rights in
the invention.

BACKGROUND

The present invention generally relates to aircraft cooling
systems, and more particularly, to a modular cooling system
capable of expanding aircraft cooling system capacity.

Some systems onboard aircraft generate heat, which may
negatively impact personnel and computer equipment. Thus,
various portions of aircraft must be cooled to maintain appro-
priate temperatures for passengers, crew, and equipment.
Conventional cooling systems have been used to cool the
portions of the aircraft that need to be cooled. Although these
conventional cooling systems provide adequate cooling when
originally installed, over time the aircraft may be retrofitted
with improvements and accessories that increase the heat
generated onboard the aircraft. The increased heat generation
frequently results in an increased need for cooling. In the past
when cooling system capacities needed to be increased, cool-
ing packs, engine bleed systems, and/or duct networks had to
be replaced to accommodate the increased capacity system.
These changes have caused aircraft to be grounded for
extended periods while the cooling systems are upgraded.
Further, removing entire portions of cooling systems and
replacing those portions with upgraded systems results in
considerable expense. Thus, there is a need for an aircraft
cooling system that permits capacity to be increased without
replacing cooling packs, engine bleed systems, and/or duct
networks.

SUMMARY

In one aspect, the present invention includes a modular
expandable cooling system for use on aircraft having an on-
board evaporator through which refrigerant circulates to cool
aportion of the aircraft. The cooling system comprises a rack
sized for receiving a plurality of modular cooling units. The
rack has a ram air inlet connected to a ram air source. The
system also comprises a modular cooling unit including a
housing sized for receipt in the rack. Further, the unit has a
ram air inlet located on the housing for receiving ram air from
the ram air inlet when the unit is received in the rack and a ram
air outlet positioned downstream from the ram air inlet for
exhausting spent ram air from the unit. The unit also includes
a refrigerant inlet connectable to an outlet of the evaporator
when the unit is received in the rack and a refrigerant outlet
connectable to an inlet of the evaporator when the unit is
received in the rack. In addition, the unit comprises a con-
denser mounted in the housing in fluid communication with
the ram air inlet having an outlet in fluid communication with
the refrigerant outlet and an inlet; a compressor mounted in
the housing downstream from the condenser having an outlet
in fluid communication with the condenser inlet and an inlet
and an accumulator having an outlet in fluid communication
with the compressor inlet and an inlet in fluid communication
with the unit refrigerant inlet.

In another aspect, the present invention includes a method
of increasing cooling system capacity on an aircraft having a
plurality of evaporators through which refrigerant circulates
to cool a corresponding portion of the aircraft. The aircraft
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includes a first modular cooling unit connected to a first
evaporator of the plurality of evaporators. The modular cool-
ing unit is mounted in a rack sized for receiving an additional
modular cooling unit and has a ram air inlet connected to a
ram air source. The first modular cooling unit is in fluid
communication with the ram air inlet when received in the
rack. The method comprises mounting the additional modular
cooling unit in the rack so the additional modular cooling unit
is in fluid communication with the ram air inlet and connect-
ing the additional modular cooling unit to a second evaporator
to cool a second portion of the aircraft.

In still another aspect, the present invention includes a
modular expandable cooling system for aircraft. The cooling
system comprises a plurality of evaporators positioned in the
aircraft for cooling corresponding portions of the aircraft. The
system also includes a rack positioned in the aircraft in com-
munication with a ram air source. The rack has a ram air inlet
in fluid communication with the ram air source sized for
receiving a plurality of modular cooling units. Further, the
system comprises a plurality of modular cooling units
mounted in the rack. Each unit supplies refrigerant to a cor-
responding evaporator. Each unit includes a housing sized for
receipt in the rack, a ram air inlet located on the housing for
receiving ram air from the ram air inlet when the unit is
received in the rack, a ram air outlet positioned downstream
from the ram air inlet for exhausting spent ram air from the
unit, a refrigerant inlet connectable to an outlet of the evapo-
rator when the unit is received in the rack, and a refrigerant
outlet connectable to an inlet of the evaporator when the unit
is received in the rack. Each unit also includes a condenser
mounted in the housing in fluid communication with the ram
air inlet having an outlet in fluid communication with the
refrigerant outlet and an inlet. The unit has a compressor
mounted in the housing downstream from the condenser hav-
ing an outlet in fluid communication with the condenser inlet
and an inlet and an accumulator having an outlet in fluid
communication with the compressor inlet and an inlet in fluid
communication with the unit refrigerant inlet.

Other aspects of the present invention will be apparent in
view of the following description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective of one embodiment of a rack and
modular cooling units of the present invention;

FIG. 2 is a schematic of a modular cooling unit in flight
mode connected to a cooling system on board an aircraft; and

FIG. 3 is a schematic of the modular cooling unit in ground
mode connected to the cooling system on board the aircraft.

Corresponding reference characters indicate correspond-
ing parts throughout the drawings.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, a modular expandable cooling system
of the present invention is designated in its entirety by the
reference number 10. The cooling system 10 includes a rack,
generally designated by 20, having an enclosure 22 divided
into a plurality of cooling unit stations 24, each of which is
sized and shaped for receiving a standardized modular cool-
ing unit, generally designated by 30, as will be described in
further detail below. Although the rack 20 is illustrated as
having six stations 24, those skilled in the art will appreciate
that the rack may have other numbers of stations without
departing from the scope of the present invention. A duct 32
onone side of the rack 20 delivers ram air to the rack. The duct
32 delivers the ram air to an inlet 34 (FIG. 2) at each station
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24. The duct 32 carries the ram air from a ram air source (not
shown) taken from a leading exterior surface of the aircraft.
Although the rack 20 and duct 32 may be made of other
materials without departing from the scope of the present
invention, in one embodiment the rack and duct are made
from aluminum sheet metal or composite material.

As illustrated in FIG. 2, each modular cooling unit 30
includes a housing 40 sized for receipt in a cooling unit station
24 of the rack 20. Although the housing 40 may have other
sizes without departing from the scope of the present inven-
tion, in one embodiment the housing is about eleven inches
tall, about ten inches wide, and about twenty inches long.
Although the housing 40 may be made of other materials
without departing from the scope of the present invention, in
one embodiment the housing is made from aluminum sheet
metal. A ram air inlet 42 is located on one end of the housing
40. The ram air inlet 42 receives ram air from the rack inlet 34
when the unit 30 is positioned in the rack 20. A seal 44 is
positioned between the ram air inlet 42 and the rack inlet 34.
When the housing 30 is positioned in the station 24 of the rack
20, the ram air inlet 42 of the housing 30 automatically seats
against the seal 44 to prevent air loss at the interface between
the components. Downstream from the ram air inlet 42, the
housing 40 is divided into two passages. One passage is a
main passage 50, which carries air during flight, and the other
passage is an auxiliary passage 52, which carries air when the
aircraftis on the ground. A ram air outlet 54 is provided on the
housing 40 downstream from the ram air inlet 42, main pas-
sage 50, and auxiliary passage 52 for exhausting spent ram air
from the unit 30. Although the ram air outlet 54 may dump
used ram air immediately adjacent the rack 20 as illustrated in
FIG. 1, it is envisioned that a discharge duct (not shown) may
be connected to the outlet side of the rack to carry spent ram
air away from the rack.

As further illustrated in FIG. 2, the housing 40 includes a
refrigerant inlet 60 and a refrigerant outlet 62, which direct
refrigerant into and out of the housing. Although other refrig-
erants may be used without departing from the scope of the
present invention, in one embodiment the refrigerant is HFC-
134a or HFC-236a. Although the inlet 60 and outlet 62 may
take other forms, in one embodiment the inlet and outlet are
conventional tubing couplings for connecting the unit 40 to
external refrigerant lines 64, 66. A refrigerant line 68 extends
through the housing 40 from the refrigerant inlet 60 to the
refrigerant outlet 62 for carrying refrigerant through the
modular cooling unit 30. A condenser 70 is mounted inside
the housing 40 immediately downstream from the ram air
inlet 42 so ram air passes over the condenser as the air enters
the modular cooling unit 30. The refrigerant line 68 carries
refrigerant from the refrigerant inlet 60 to the condenser 70
and from the condenser to the refrigerant outlet 62. A com-
pressor 72 is mounted in the main ram air passage 50 of the
housing 40 downstream from the condenser 70. The compres-
sor 72 compresses the refrigerant so it becomes a high pres-
sure, high temperature vapor. The refrigerant line 68 delivers
gaseous refrigerant to an inlet 74 of the compressor 72 and
delivers pressurized refrigerant from an outlet 76 of the com-
pressor 72 to the condenser 70. In addition, an accumulator 80
is mounted in the main passage 50 of the housing 40. The
accumulator 80 has an inlet 82 and an outlet 84 that are
connected to the refrigerant line 68 between the refrigerant
inlet 60 and the compressor 72. The accumulator 80 allows
the refrigerant to pool in a liquid state at a bottom of an
internal reservoir but deliver the refrigerant as a gas to the
compressor 72.

A fan 90 is mounted in the auxiliary passage 52 for pulling
air through the ram air inlet 42 and over the condenser 70
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when the aircraft is on the ground. A valve 92 mounted at
downstream ends of the main and auxiliary passages 50, 52
changes position from an in-flight position or flight mode as
illustrated in FIG. 2 to an on-ground position or ground mode
as illustrated in FIG. 3. When the valve 92 is oriented in the
in-flight position, ram air is permitted to pass through the
main passage 50 and blocked from traveling through the
auxiliary passage 52. When the valve 92 is oriented in the
on-ground position, ram air is blocked from traveling through
the main passage 50 and permitted to pass through the auxil-
iary passage 52. A switch 94 may be provided adjacent the
valve 92 for sensing the orientation of the valve, energizing
the fan 90 when the valve is in the on-ground position and
de-energizing the fan when the valve is in the in-flight posi-
tion. Check louvers 96 are provided at the downstream ends
of'the main passage 50 and auxiliary passage 52 to prevent air
from flowing into the housing 40 through the ram air outlet
54.

As further shown in FIG. 2, the external refrigerant lines
64, 66, carry the refrigerant to and from an evaporator 100
mounted in the aircraft closer to a portion of the aircraft where
cooling is needed. For example, when a new piece of equip-
ment demanding additional cooling is installed in the aircraft,
the evaporator 100 may be positioned in a duct 102 positioned
to deliver cooling air to that portion P of the aircraft holding
the equipment. A fan 104 mounted in the duct 102 upstream
from the evaporator 100 blows air over the evaporator 100 to
cool the air before being delivered to the portion of the aircraft
where cooling is needed. An orifice 106 is positioned along
the refrigerant line 66 leading to the evaporator 100 for
expanding the refrigerant to a gas state. As the refrigerant
expands, its temperature drops. A filter 108 mounted along
the refrigerant line 66 between the housing refrigerant outlet
62 and the orifice 106 traps contaminants before the refriger-
ant enters the orifice.

Ram air entering the modular cooling unit 30 passes over
the condenser 70 to cool refrigerant passing through the con-
denser. When the unit 30 is in flight mode, the ram air passes
through the main passage 50, cooling the compressor 72 and
ultimately exhausting from the unit through the ram air outlet
54. When the unit 30 is in ground mode, the fan 90 in the
auxiliary passage 52 is energized and the valve 92 is oriented
as shown in FIG. 3, to pull air from the ram air inlet 42 across
the condenser 70, cooling the refrigerant passing through the
condenser. The used ram air continues through the auxiliary
passage 52, ultimately exhausting from the housing 40
through the ram air outlet 54.

Cooled liquid refrigerant exiting the condenser 70 is deliv-
ered to the location on-board the aircraft where cooling is
needed, passing through the filter 108 and then through the
orifice 106 where the refrigerant expands and its temperature
drops. The expanded cold refrigerant passes through the
evaporator 100 to cool air passing over the evaporator. A fan
104 mounted in the duct 102 blows air over the evaporator
100. After passing through the evaporator 100, the refrigerant
travels through the refrigerant line 64 back to the particular
modular cooling unit 30, where it passes through the accu-
mulator 80 and compressor 72 before being delivered to the
condenser 70 where the cooling cycle begins over again.

As will be appreciated by those skilled in the art, when the
cooling system must be expanded to provide additional cool-
ing capability when handling increased heat loads caused by
additional or upgraded aircraft accessories, an additional
modular cooling unit 30 may be installed in the rack 20. When
installed, the inlet 42 of the cooling unit 30 engages the seal
44 in the rack 20 to seal the ram air inlet to the duct 32. The
refrigerant inlet 60 and refrigerant outlet 62 of the added
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cooling unit 30 is connected to refrigerant lines 64, 66,
respectively, carrying refrigerant to the specific portion P of
the aircraft where cooling is needed. As will be appreciated by
those skilled in the art, the added cooling unit may be identi-
cal to one of the existing cooling units in the rack or have a
different internal configuration or cooling capacity.

Having described the invention in detail, it will be apparent
that modifications and variations are possible without depart-
ing from the scope of the invention defined in the appended
claims.

When introducing elements of the present invention or the
preferred embodiment(s) thereof, the articles “a”, “an”, “the”,
and “said” are intended to mean that there are one or more of
the elements. The terms “comprising”, “including”, and
“having” are intended to be inclusive and mean that there may
be additional elements other than the listed elements.

As various changes could be made in the above construc-
tions, products, and methods without departing from the
scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying
drawings shall be interpreted as illustrative and not in a lim-
iting sense.

What is claimed is:

1. A modular expandable cooling system for use on aircraft
having an on-board evaporator through which refrigerant cir-
culates to cool a portion of the aircraft, the cooling system
comprising:

a rack sized for receiving a plurality of modular cooling
units and having a rack inlet connected to a ram air
source taken from an exterior surface of the aircraft; and

one of the plurality of modular cooling units including:
ahousing sized for receipt in the rack and having a main

passage and an auxiliary passage adjacent to the main
passage;

a ram air inlet located on the housing for receiving ram
air from the rack inlet when the unit is received in the
rack;

aram air outlet positioned downstream from the ram air
inlet for exhausting spent ram air from the unit;

a valve mounted at a downstream end of the main pas-
sage and auxiliary passage and being movable
between an in-flight position and a ground position,
the in-flight position blocking ram air through the
auxiliary passage and permitting ram air through the
main passage, the ground position blocking ram air
through the main passage and permitting ram air
through the auxiliary passage;

a refrigerant inlet connectable to an outlet of the evapo-
rator when the unit is received in the rack;

a refrigerant outlet connectable to an inlet of the evapo-
rator when the unit is received in the rack;

a condenser mounted in the housing immediately down-
stream of the ram air inlet such that ram air passes over
the condenser and cools refrigerant passing through
the condenser as the ram air enters the modular cool-
ing unit, the condenser having an outlet and an inlet,
the condenser outlet being in fluid communication
with the refrigerant outlet;

a compressor mounted in the main passage downstream
from the condenser and the ram air inlet and being
cooled by the ram air when the valve is in the in-flight
position, the compressor having an outlet and an inlet,
the compressor outlet being in fluid communication
with the condenser inlet;

an accumulator mounted in the main passage down-
stream from the ram air inlet, the accumulator having
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an outlet in fluid communication with the compressor
inlet and an inlet in fluid communication with the
refrigerant inlet.

2. The modular expandable cooling system as set forth in
claim 1 wherein the modular cooling unit is a first modular
cooling unit, and the system further comprises a second
modular cooling unit including:

a housing sized for receipt in the rack;

a valve mounted at a downstream end of the main passage
and auxiliary passage and being movable between an
in-flight position and a ground position;

a ram air inlet located on the housing for receiving ram air
from the ram air inlet when the unit is received in the
rack;

a ram air outlet positioned downstream from the ram air
inlet for exhausting spent ram air from the unit;

arefrigerant inlet connectable to an outlet of the evaporator
when the unit is received in the rack;

arefrigerant outlet connectable to an inlet of the evaporator
when the unit is received in the rack;

a condenser mounted in the main passage downstream
from the condenser and the ram air inlet and having an
outlet in fluid communication with the refrigerant outlet;

a compressor mounted in the main passage downstream
from the condenser and the ram air inlet and having an
outlet in fluid communication with the condenser inlet;

an accumulator mounted in the main passage downstream
from the ram air inlet and having an outlet in fluid
communication with the compressor inlet and an inlet in
fluid communication with the refrigerant inlet.

3. The modular expandable cooling system as set forth in
claim 2 wherein the second modular cooling unit has a dif-
ferent cooling capacity than the first modular cooling unit.

4. The modular expandable cooling system as set forth in
claim 1 further comprising a fan mounted in the auxiliary
passage selectively operable during ground operation.

5. The modular expandable cooling system as set forth in
claim 1 further comprising check louvers downstream from
the accumulator for preventing air from flowing in through
the ram air outlet.

6. The modular expandable cooling system as set forth in
claim 1 in combination with the aircraft on-board evaporator.

7. The modular expandable cooling system as set forth in
claim 6 wherein the evaporator is mounted in a cooling duct,
and the system further comprises a cooling fan mounted in the
cooling duct upstream from the evaporator for directing air
over the evaporator to cool the air.

8. The modular expandable cooling system as set forth in
claim 7 further comprising:

a refrigerant line extending between the housing refriger-

ant outlet and the evaporator inlet;

an orifice positioned along the refrigerant line; and

a filter positioned along the refrigerant line between the
housing refrigerant outlet and the orifice.

9. A method of increasing cooling system capacity on an
aircraft having a plurality of evaporators through which
refrigerant circulates to cool a corresponding portion of the
aircraft, the aircraft including a first modular cooling unit
connected to a first evaporator of the plurality of evaporators,
the modular cooling unit having a housing having a main
passage and an auxiliary passage adjacent to the main passage
and including a valve mounted at a downstream end of the
main passage and auxiliary passage and being movable
between an in-flight position and a ground position, the in-
flight position blocking ram air through the auxiliary passage
and permitting ram air through the main passage, the ground
position blocking ram air through the main passage and per-
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mitting ram air through the auxiliary passage, the housing
being mounted in a rack sized for receiving an additional
modular cooling unit and having a ram air inlet connected to
a ram air source taken from an exterior surface of the aircraft,
the first modular cooling unit being in fluid communication
with the ram air inlet when received in the rack and including
a ram air outlet downstream from the ram air inlet, a refrig-
erant inlet and outlet respectively connectable to the first
evaporator outlet and inlet, a condenser mounted in the hous-
ing immediately downstream of the ram air inlet such that ram
air passes over the condenser and cools refrigerant passing
through the condenser as the ram air enters the modular
cooling unit, the condenser having an outlet and an inlet, the
condenser outlet being in fluid communication with the
refrigerant outlet, a compressor mounted in the main passage
downstream from the condenser and the ram air inlet and
being cooled by the ram air when the valve is in the in-flight
position, the compressor having an outlet and an inlet, the
compressor outlet being in fluid communication with the
condenser inlet, an accumulator mounted in the main passage
downstream from the condenser and the ram air inlet, the
accumulator having an outlet in fluid communication with the
compressor inlet and an inlet in fluid communication with the
refrigerant inlet, the method comprising:

mounting the additional modular cooling unit in the rack so
the additional modular cooling unit is in fluid commu-
nication with the ram air inlet; and

connecting the additional modular cooling unit to a second
evaporator to cool a second portion of the aircraft.

10. A modular expandable cooling system for aircraft, the

cooling system comprising:
a plurality of evaporators positioned in the aircraft for
cooling corresponding portions of the aircraft a rack
positioned in the aircraft in communication with a ram
air source taken from an exterior surface of the aircraft,
the rack having a ram air inlet in fluid communication
with the ram air source and being sized for receiving a
plurality of modular cooling units; and
a plurality of modular cooling units mounted in the rack,
each unit of said plurality of cooling units supplying
refrigerant to a corresponding evaporator of said plural-
ity of evaporators and including:
ahousing sized for receipt in the rack and having a main
passage and an auxiliary passage adjacent to the main
passage;

a valve mounted at a downstream end of the main pas-
sage and auxiliary passage and being movable
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between an in-flight position and a ground position,
the in-flight position blocking ram air through the
auxiliary passage and permitting ram air through the
main passage, the ground position blocking ram air
through the main passage and permitting ram air
through the auxiliary passage;

a ram air inlet located on the housing for receiving ram
air from the ram air inlet when the unit is received in
the rack;

aram air outlet positioned downstream from the ram air
inlet for exhausting spent ram air from the unit;

a refrigerant inlet connectable to an outlet of the evapo-
rator when the unit is received in the rack; a refriger-
ant outlet connectable to an inlet of the evaporator
when the unit is received in the rack;

acondenser mounted in the housing immediately down-
stream of the ram air inlet such that ram air passes over
the condenser and cools refrigerant passing through
the condenser as the ram air enters the modular cool-
ing unit, the condenser having an outlet and an inlet,
the condenser outlet being in fluid communication
with the refrigerant outlet;

a compressor mounted in the main passage immediately
downstream from the condenser and the ram air inlet
and being cooled by the ram air when the valve is in
the in-flight position, the compressor having an outlet
in fluid communication with the condenser inlet and
an inlet;

an accumulator mounted in the main passage down-
stream from the ram air inlet, the accumulator having
an outlet in fluid communication with the compressor
inlet and an inlet in fluid communication with the
refrigerant inlet.

11. The modular expandable cooling system as set forth in
claim 10 wherein at least one unit of said plurality of modular
cooling units has a different cooling capacity than another
unit of said plurality of modular cooling units.

12. The modular expandable cooling system as set forth in
claim 10 further comprising a fan mounted in the auxiliary
passage selectively operable during ground operation.

13. The modular expandable cooling system as set forth in
claim 12 further comprising check louvers downstream from
the accumulator for preventing air from flowing in through
the ram air outlet.



